Abstract. Glucose intolerance frequently is found in hepatocellular carcinoma (HCC) patients with hepatitis C virus (HCV) infection; however, the significance of glucose intolerance remains unclear. In addition, SH2 domaincontaining inositol phosphatase (SHIP) 2 is a negative regulator of intracellular insulin signaling; however, changes in SHIP2 expression have not been investigated in HCC. To assess the significance of glucose intolerance, we analyzed 118 HCC patients with HCV infection. Twenty HCC specimens were used for immunoblotting and immunostaining for SHIP2. Patients were classified into two groups: a glucose intolerance group (n=39) and a normal glucose tolerance group (n=79). There was no significant difference in the disease-free survival (P=0.838) or long-term survival (P=0.091) between the groups. However, for males, the cumulative survival rate was significantly lower in the glucose intolerance group (n=22) than that in the normal glucose tolerance group (n=52) (P=0.036). In multivariate analysis, Child-Pugh class (P=0.0003) and glucose intolerance (P=0.036) were identified as statistically significant and independent prognostic factors in males. SHIP2 expression level decreased in HCC compared to that in nontumor tissues. In conclusion, this study is the first to demonstrate the significance of glucose intolerance in prognosis of male HCC patients and down-regulation of SHIP2 expression in HCC.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies in the world. The incidence of HCC has increased in Eastern Asia and Africa during the past several decades and has also increased in the US (1) . This trend has been attributed to hepatitis C virus (HCV) infection. In many areas of the world, HCV infection accounts for more than half of the cases of HCC, and in Japan, ~75% of all HCC are associated with chronic liver disease and HCV infection (2) . In order to prevent and treat this malignancy, it is important to understand the pathogenesis of HCC in patients with HCV infection.
Liver is one of the major organs regulating glucose metabolism and patients with chronic liver diseases frequently show glucose intolerance which is called hepatogenous diabetes (3) . Although its pathogenesis involves various factors, insulin resistance and hyperinsulinemia are thought to play major roles (4, 5) . In chronic liver disease associated with HCV infection, the prevalence of glucose intolerance is higher than in other chronic liver diseases, including hepatitis B infection (6) . We previously reported that down-regulation of insulin receptor substrate 1/2, central molecules for intracellular insulin signaling, was seen in livers from HCV core-transgenic mice as well as patients with HCV infection (7) . In HCV hyperendemic areas, anti-HCV-positive subjects were nearly three-fold as likely as anti-HCV-negative subjects to develop diabetes mellitus with insulin resistance (8) . Collectively, these findings suggest that HCV directly causes hepatic insulin resistance and subsequent hyperinsulinemia (9) .
Glucose intolerance is frequently observed in HCC patients with chronic liver disease. In addition, glucose intolerance has been suggested as a potential risk factor for the incidence of HCC. Several large population-based cohort studies showed that the incidence of HCC was increased 2-4-fold in patients with diabetes mellitus (10, 11) . However, it is unclear how glucose intolerance is linked to the incidence of HCC in patients. Moreover, it is unclear whether the presence of glucose intolerance has an impact on the prognosis in HCC patients with HCV infection. Insulin is known as one of the most important factors not only for a variety of metabolic pathways, but also for cell growth (12) . Insulin stimulates activation of the tyrosine kinase activity of the insulin receptor and subsequently causes the phosphorylation of insulin receptor substrate families. Upon tyrosine phosphorylation, these proteins interact with signaling molecules through their Src homology 2 (SH2) domains (13) , resulting in a diverse series of signaling pathways, including activation of phosphatidylinositol 3-kinase (PI3K) and Akt cascade (14) , and Ras and mitogen-activated protein (MAP) kinase cascade (15) . These cascades regulate cell proliferation, differentiation, and apoptosis. Changes in these insulin signaling cascades are involved in cell growth.
SH2-containing inositol phosphatase (SHIP)-2 plays an important role in the negative regulation of insulin sensitivity (16, 17) . In insulin signaling, PI3K produces phosphatidylinositol 3,4,5-trisphosphate (PIP3) from phosphatidylinositol 3,4-bisphosphate (PIP2) (14) . PIP3 mediates insulin signals to downstream molecules including Akt (18) . SHIP2 hydrolyses the PI3K product PIP3 to PIP2, leading to decreased level of this phospholipid and, simultaneously, reduced activation of PI3K and Akt signaling cascade (19) . In addition, SHIP2 causes down-regulation of Ras and MAPK signaling cascade (20) . Thus, SHIP2 suppresses cell growth through regulating intracellular insulin sensitivity. However, changes in expression of SHIP2 in patients with HCC have not been investigated.
The aim of this study was to evaluate the long-term impact of glucose intolerance and to examine the expression of SHIP2 in HCC patients with HCV infection.
Materials and methods
Materials. All reagents were purchased from Wako Pure Chemical Industries (Osaka, Japan) unless otherwise indicated.
Patients. Between January 1994 and December 2000, 330 Japanese patients with HCV infection at the Division of Gastroenterology, Department of Medicine, Kurume University School of Medicine were diagnosed with HCC. These patients had a single tumor ≤5 cm, and three or fewer tumors each ≤3 cm. HCC with HCV infection was defined as HCC with positive hepatitis C virus antibody and negative hepatitis B virus surface antigen. Among these patients, 120 patients were randomly selected and their blood samples analyzed. Blood samples were obtained from each patient on admission and stored at -20˚C for later analysis. Plasma glucose levels were measured by a glucose oxidase method. Serum insulin levels were measured using a sandwich enzyme immunoassay kit (Eiken Chemical, Tokyo, Japan).
Insulin resistance was calculated on the basis of fasting levels of plasma glucose and insulin, according to the homeostasis model assessment (HOMA) method. The formulas for the HOMA model are: Insulin resistance (HOMA-IR) = fasting glucose (mg/dl) x fasting insulin (μU/ml)/405. All patients were classified either into the glucose intolerance group or the normal glucose tolerance group based on the presence of hyperinsulinemia and/or insulin resistance. The glucose intolerance group was defined by fasting insulin level ≥15 μU/ml and/or HOMA-IR value ≥3, and the normal glucose tolerance group was defined by fasting insulin level <15 μU/ml and/or HOMA-IR value <3 according to previous studies (21, 22) . We enrolled 120 patients in this study, however, 2 patients were excluded because of type 1 diabetes mellitus. The remaining 118 patients were retrospectively examined.
The diagnosis of HCC was histologically confirmed by needle biopsy under ultrasonographic guidance in 78 of 118 patients. In the remaining 40 patients, the diagnosis of HCC was made based on the findings of typical radiological features on ultrasonography, contrast enhanced dynamic computed tomography, magnetic resonance imaging, and hepatic angiography along with elevated alpha-fetoprotein levels. The pretreatment hepatic functional reserve was determined using the Child-Pugh scoring system (23) . Tumor staging of HCC was determined using the tumor node metastasis (TNM) classification (24) . The measurement of tumor size was based on the largest dimension observed on ultrasonography and computed tomography. Alcohol drinking was defined as an average daily consumption of an amount exceeding 60 g per day of pure ethanol over a period of >5 years based on the report of Donato et al (25) . Body mass index (BMI) was calculated as body weight in kg divided by the square of height in meters (kg/m 2 ). The study protocol was approved by the institutional review board, and informed consent for participation in the study was obtained from each subject and conformed to the guidelines of 1995 Declaration of Helsinki.
Treatment and follow-up. As treatment for HCC, 22 patients underwent hepatic resection, 80 patients received percutaneous ethanol injection therapy, microwave coagulation therapy or percutaneous radiofrequency ablation therapy, and 16 received transcatheter arterial chemoembolization. No patient underwent liver transplantation.
After initial treatment, the condition of each patient was followed carefully. Serum biochemistries, alpha-fetoprotein levels, and Child-Pugh score were measured and ultrasonography was performed monthly. Contrast enhanced dynamic computed tomography was performed every 3 months until 6 months post-treatment and every 6 months beyond 6 months post-treatment. Magnetic resonance imaging was performed as a supplemental examination. The closing date of this study was December 2004 or the time of the patient's death. Follow-up ranged from 12 to 128 months (median, 57 months). During follow-up, 74 patients died of HCC. No patient died of complications of cirrhosis or diabetes.
Measurement of HCV core. Serum HCV core levels were evaluated using a newly developed HCV core antigen enzyme linked immunosorbent assay test system (Ortho-clinical Diagnostics K.K., Tokyo, Japan) as previously described (26) . This assay has high stability and reproducibility under all conditions and the detection limit is 50 fmol/l.
Human HCC tissues. Tumor and nontumor tissues were obtained from 20 patients with HCC who underwent partial hepatectomy [15 men and 5 women, mean age 67.7±6.7 years (range, 53-76 years)]. Tissue sections were stained with hematoxylin-eosin, and each HCC was histologically graded into one of three categories: well-, moderately-or poorly-differentiated, according to criteria proposed by the Liver Study Group of Japan (27) . The tumors included one well-differentiated, 18 moderately differentiated and one poorly differentiated HCCs. All sections were examined by immunostaining and four tissues from men were used for immunoblotting.
Immunoblotting. Tumor and nontumor tissues were obtained from patients with HCC who underwent partial hepatectomy, and were homogenized on ice in RIPA buffer (150 mmol/l NaCl, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate, 50 mmol/l/Tris-HCl, pH 7.5) containing 100 ng/phenylmethylsulfonyl fluoride, 4 μg/ml aprotinin, 2 μg/ml leupeptin, 1 μg/ml pepstatin, 10 μg/ml antipain, 10 μg/ml soybean trypsin inhibitor, and 2 mmol/l ethylenediaminetetraacetic acid. Then, sodium dodecyl sulfatepolyacrylamide gel electrophoresis sample buffer was added and immediately boiled for 5 min. An equal amount of protein (50 μg) of tumor or nontumor liver homogenates was applied to each lane and was subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis on 7.5% acryl amide gels. The resolved proteins were transferred to polyvinylidene difluoride membranes (Amersham International, Buckinghamshire, UK). The membranes were incubated with an anti-human SHIP2 polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA) diluted 1:100 (vol/vol) with PBS at room temperature for 1 h, and then incubated with a horseradish peroxidase-conjugated goat anti-mouse IgG (Nichirei, Tokyo, Japan) diluted 1:1000 at room temperature for 1 h. After several washes, the membranes were incubated with chemiluminescence reagents (ECL-kit; Amersham International) for 1 min and immediately exposed on radiograph film.
Immunohistochemistry. Tumor and nontumor tissues were obtained from patients with HCC who underwent partial hepatectomy. Paraffin-embedded sections (3-μm) were deparaffinized and incubated in 0.2% (vol/vol) hydrogen peroxide in methanol for 15 min to inhibit endogenous peroxidase activity. To prevent nonspecific binding, sections were incubated with protein block serum-free (Dako, Kyoto, Japan) at room temperature for 30 min. Sections were then incubated with an anti-human SHIP2 polyclonal antibody (Santa Cruz Biotechnology) diluted 1:50 (vol/vol) with phosphate-buffered saline (pH 7.4, 130 mmol/l NaCl, 2 mmol/l NaH 2 PO 4 , and 7 mmol/l Na 2 HPO 4 , PBS) overnight at 4˚C. Sections were washed 3 times for 5 min in PBS and incubated with a horseradish peroxidase-conjugated anti-goat antibody (Nichirei) diluted 1:50 (vol/vol) with PBS at RT for 1 h. After several washes with PBS, peroxidase activity was visualized using 3,3'-diaminobenzidine-tetrahydrochloride. Finally, sections were counterstained with hematoxylin.
Quantitation of SHIP2 expression. Immunoblotting and immunostaining for SHIP2 were quantified as previously described (28) . Briefly, immunoblotting intensity and immunostaining intensity were quantified by measuring pixel intensities by an investigator without any information regarding the group assignment of the patients. This analysis was carried out on a Macintosh computer (PowerBook G4; Apple Computer, Cupertino, CA) using the public domain NIH Image-J program for Mac OS X (developed at the National Institutes of Health and available by anonymous FTP from http://rsb.info.nih.gov/ij/download.html).
Statistical analysis. All data are expressed as mean ± standard deviation. Comparisons between the two groups were performed using the Mann-Whitney U test for continuous variables, and the Chi-square test or the Fisher exact test for discrete variables. Cumulative overall survival and disease-free survival were estimated by the Kaplan-Meier method. Any significant differences in cumulative overall survival or disease-free survival rates were determined using the logrank test. A Cox proportional hazard model was used for univariate and multivariate analysis to identify any independent variables that are related to cumulative overall survival. The variables analyzed were age at HCC diagnosis, gender, body mass index, alcohol drinking, Child-Pugh class, glucose intolerance, alpha-fetoprotein, tumor stage, and maximal tumor size. All P-values were two-tailed, and a level of <0.05 was considered to be statistically significant. Statistical analysis was performed using Stat View software (version 5.0: SAS Institute Inc., Cary, NC).
Results

Patient characteristics.
A total of 118 patients were enrolled. The mean age was 66.9±6.8 years (range, 50-87 years). The mean BMI value was 22.6±2.6 (range, 14.7-32.3). Twentyseven patients (23%), were considered alcohol drinkers. Among the 118, 79 patients (67%) were classified as the normal glucose tolerance group while 39 patients (33%) were classified as the glucose intolerance group. This classification was based on analysis of blood samples obtained at initial admission. Of the 39, 14 (36%) had already been diagnosed as having diabetes mellitus. The 14 had been treated as follows: 2 with insulin, 8 with oral hypoglycemics, and the rest were managed using diet only. The baseline clinical characteristics of both the glucose intolerance and normal glucose tolerance groups are summarized in Table I . BMI values (P=0.0008), bilirubin levels (P=0.048) and HCV core levels (P=0.049) in the glucose intolerance group were significantly higher compared to those of the normal glucose tolerance group. Albumin levels in the glucose intolerance group were significantly lower than that of the normal glucose tolerance group (P=0.007).
Disease-free survival rate and survival rate based on glucose intolerance. The comparison of the disease-free survival rate based on glucose intolerance was not significantly different between the groups (Fig. 1A) (P=0.838) nor was cumulative survival rate (Fig. 1B) (P=0.091) . The 1-, 3-, and 5-year cumulative survival rates were 100, 64.1, and 42%, respectively, in the glucose intolerance group, and 97.4, 78.2, and 57.2%, respectively, in the normal glucose tolerance group.
Univariate and multivariate analysis in all patients. Cox proportional hazard regression analysis was performed to determine which of the 9 variables were independently associated with cumulative overall survival. The results of ONCOLOGY REPORTS 18: 545-552, 2007 univariate analysis are shown in Table II (Table II) .
The difference in glucose intolerance between male and female. This study included 74 males and 44 females. Among patients who were glucose intolerant, there was no significant difference in the number of males and females [22 males (29.7%) vs. 17 females (38.6%); P=0.482]. There was also no significant difference in plasma glucose levels between males and females (87.6±29.8 vs. 92.8±39.6; P=0.264). However, the mean fasting insulin level in males (15.2±23.63 μU/ml) was significantly higher than in females (15.1±13.8 μU/ml) (P=0.045). Thus, glucose intolerance in males was more severe than that in females. We evaluated further the ability of glucose intolerance to influence long-term outcomes in male patients with HCC.
Male patient characteristics. Baseline clinical characteristics of male patients are summarized in Table III . Although BMI value in the glucose intolerance group was significantly higher compared to those in the normal glucose tolerance group (P=0.009), the mean value of BMI was within normal range. There were no significant differences in other clinical characteristics.
Disease-free survival rate and survival rate based on glucose intolerance in male patients. Disease-free survival rates were not significantly different between the two groups ( Fig. 2A ) (P=0.378). The 1-, 2-, and 3-year disease-free survival rates were 45.5, 27.3, and 18.2%, respectively, in the glucose intolerance group and 61.5, 32.7, and 26.9%, respectively, in Table II . Univariate and multivariate analyses of survival for hepatocellular carcinoma by Cox proportional hazard model. 
-------------------------------------------------Variable HR 95% CI P-value -------------------------------------------------
-------------------------------------------------
BMI, body mass index; AFP, alpha-fetoprotein.
a Child-Pugh scoring system (23) .
b TNM classification (24). Table I . Comparison of patient characteristics based on glucose intolerance. 
-----------------------------------------------------------------------------------------------------Glucose intolerance group Normal glucose tolerance group (n=39) (n=79) P-value -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------
Data are expressed by mean ± SD. BMI, body mass index; AST, glutamine oxaloacetic transaminase; AFP, alpha-fetoprotein; HCV, hepatitis C virus.
a Child-Pugh scoring system (21). b TNM classification (22).
-
the normal glucose tolerance group. On the other hand, the cumulative survival rate in the glucose intolerance group was significantly poorer than that in the normal glucose tolerance groups (Fig. 2B) (P=0.036) . The 1-, 3-, and 5-year cumulative survival rates were 100, 50, and 36.4%, respectively, in the glucose intolerance group and 98, 84.3, and 56.5%, respectively, in the normal glucose tolerance group. Table III. Comparison of the characteristics of male patients based on glucose intolerance. 
Data are expressed by mean ± SD. BMI, body mass index; AST, glutamine oxaloacetic transaminase; AFP, alpha-fetoprotein.
b TNM classification (24). Table IV . Univariate and multivariate analyses of survival for hepatocellular carcinoma in males by Cox proportional hazard model. 
b TNM classification (24).
- Univariate and multivariate analysis in male patients. The results of univariate analysis of male patients are shown in Table IV Protein expression levels of SHIP2 in the tumor and nontumor livers from HCC patients. Protein expression levels of SHIP2 in tumor and nontumor livers from patients with HCC were examined by immunoblotting and immunostaining. Immunoblotting revealed that SHIP2 expression was decreased in HCC tissues compared to that in nontumor tissues (Fig. 3A) . Quantitation of immunoblotting intensity confirmed that SHIP2 expression was significantly down-regulated in HCC tissues compared to that in nontumor tissues (48.5±17.2 vs. 151.2±35.3 arbitrary units, P<0.05) (Fig. 3B) . Immunostaining demonstrated cytoplasmic SHIP2 expression in nontumor hepatocytes, but not in peripherally located well-differentiated HCC cells (Fig. 3C-E) . Quantitation of immunostaining intensity confirmed that SHIP2 expression was significantly decreased in HCC cells compared to that of nontumor hepatocytes (13.5±3.1 vs. 192.2±15.9 arbitrary units, P<0.01) (Fig. 3F ).
Discussion
In Japanese HCC patients, survival is poorer in patients with diabetes mellitus compared to those without diabetes mellitus (29) . On the other hand, two other cohort studies had reported that diabetes mellitus does not have a significant influence on the perioperative outcome or prognosis after hepatic resection for HCC (30, 31) . Thus, the impact of glucose intolerance for HCC patients remains controversial. A major contrast between their studies is that the majority of Japanese patients had HCV infection, whereas the patients of other studies had predominantly HBV infection. In a large population based cohort study, the relative risk for the development of HCC among those with HBV infection was 9.6, and the relative risk among those with HCV infection was 2.7. This result suggests that HBV itself, compared to HCV, may have greater potential for being carcinogenic (32) . Furthermore, we previously reported that more severe insulin resistance was present in patients with HCV infection than in patients with HBV infection. HCV core protein has been reported as a responsible factor to the development of glucose intolerance (9) . Similarly, HCV core protein level was associated with glucose intolerance. Therefore, glucose intolerance may have a significant influence on survival of HCC patients with HCV infection.
In this study, we investigated the impact of glucose intolerance in HCC patients with HCV infection. We observed no change in either disease-free survival or long-term survival. Barbara et al reported that Child-Pugh class was independently correlated with survival in the natural history of small untreated HCC among patients with cirrhosis (33) . In agreement with the previous study, Child-Pugh class was an independent prognostic factor in the multivariate analysis of this study. Thus, our data imply that the ability to change the clinical course of the disease is strongly influenced by liver function.
Although the effect of glucose intolerance as a survival predictor was not significant, the significance of glucose intolerance in HCC patients was disclosed by stratification of gender. In male HCC patients, glucose intolerance was associated with significant decrease in long-term survival rate, although no difference was observed in disease-free survival between patients with and without glucose intolerance. It is presently uncertain why a gender difference was observed in the negative relationship between glucose intolerance and long-term survival of HCC patients with HCV. However, we showed that fasting insulin level was significantly higher in males than in females. It is possible that increased insulin resistance in male patients is associated with long-term survival of HCC patients.
In order to examine risk factors for long-term survival of male HCC patients, we performed univariate and multivariate analyses. In both analyses, the Child-Pugh class and glucose intolerance was identified as statistically independent prognostic factors. It remains unclear how glucose intolerance is involved in survival. It could be explained as insulin resistance contributing to fibrotic progression in chronic hepatitis with HCV infection (34) . Furthermore, diabetes mellitus is an independent prognostic factor associated with the occurrence of hepatic decompensation in HCC patients (35) . Thus, our findings suggest that the presence of glucose intolerance in HCC patients causes a more severely impaired liver function, which results in poor long-term survival. An alternative mechanism is that glucose intolerance could be a significant factor contributing to the growth rate of HCC. Saito et al reported the effect of hyperinsulinaemia on growth of human HCC (36) . In addition, clinical studies have reported that high cell proliferation activity is an important survival predictor for HCC patients (37) . Collectively, increased insulin levels may stimulate the growth of HCC, and survival may be reduced in male HCC patients.
Suppression of insulin signaling is also related to growth of HCC. Phosphatase and tensin homolog deleted on chromosome 10 (PTEN) is a suppressor of insulin signaling and it is frequently mutated or deleted in a variety of human cancers (38) . Decreased PTEN expression levels are involved in the pathogenesis of HCC, and this decrease was correlated with tumor progression and poorer prognosis (39) . SHIP2 is also known to be a negative regulator of insulin signaling (16, 17) . In chronic myeloid leukemia cells, overexpression of SHIP2 results in decreased insulin sensitivity, which strongly reduces cell proliferation (40) . Thus, although the important role of SHIP2 as a tumor suppressor has been clarified in insulin signaling, the changes in SHIP2 on HCC has not been investigated. In this study, immunoblotting and immunostaining showed significant decreases in SHIP2 expression level in HCC tissues compared to nontumor tissue. These results suggest that down-regulated SHIP2 expression leads to increased sensitivity to insulin, which is linked to cell proliferation in HCC.
In conclusion, in this study we showed that glucose intolerance is an independent factor of poor prognosis in male HCC patients with HCV infection and expression of SHIP2 is significantly down-regulated in human HCC.
